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Salvia is a fascinating plant genus and one of the wide-spread members of the Labiatae (Lamiaceae) family, which comprises about 900 herbs and shrubs, growing in the temperate and warmer zones of the world. Some of these species feature prominently in the pharmacopoeias of many countries throughout the world. The range of traditional applications of the herbs in domestic medicine seems to be endless: they have been used as a medication against perspiration and fever; as a carminative; a spasmolytic; an antiseptic/ bactericide; an astringent; a gargle or mouthwash against inflammation of the mouth, tongue and throat; a wound-healing agent; skin and hair cure; against rheumatism and sexual debility; in treating mental and nervous conditions; and as an insecticide [1] [2] [3] [4] . Tanshen, the rhizome of Salvia miltiorrhiza Bunge., has been used in Chinese traditional medicine for multiple therapeutic remedies. Tanshen has been used primarily for the treatment of coronary heart disease, particularly angina pectoris and myocardial infarction [5] . It has also been included for the treatment of hemorrhage, dysmenorrhea, miscarriage, swelling and insomnia [6, 7] , as well as inflammatory diseases such as edema, arthritis and endangitis [8] . Chronic hepatitis and liver fibrosis have also been treated with Tanshen for centuries [9] . The genus Salvia, including some Iranian species, has been studied chemically and the presence has been reported of terpenoids, even the rare sesterterpenes, essential oils and flavonoids. Fifty-eight species of Salvia are found in Iran, 17 of which are endemic [10] . By Iranian Salvia species, we mean those reflected in Flora Iranica [10] , and some of the species in our reports may have been collected outside the Iranian territory. As we have mentioned earlier, Salvia is the only genus in the Labiatae that contains sesterterpenes, and this is the reason for this review.
Essential Oils
The volatile oils of Salvia are chemically complex mixtures, often containing in excess of 100 individual components. They have low boiling points and can be recovered from the plant tissues by steam or hydrodistillation. In addition to flavoring foods, volatile oils can also act as antioxidants and preservatives against food spoilage, while a broad The essential oils obtained by hydrodistillation of the stem, leaf and flower of the same species (S. lereifolia) were analyzed by GC and GC/MS. Thirty-four compounds representing 92.4% of the stem oil were identified, among which β-pinene (19.0%) was one of the major constituents. The leaf oil of the plant was characterized by high proportions of β-pinene (31.5%), 1,8-cineole (24.7%) and α-pinene (17.5%) among the thirty compounds, which comprised 98.9% of the total oil. Twenty-seven compounds representing 95.9% of the flower oil of the plant were identified, among which γ-terpinene (62.2%) and p-cymene (11.1%) were the major ones. The stem oil of the plant consisted mainly of both monoterpenes and sesquiterpenes, while in the leaf and flower oils monoterpenes predominated over sesquiterpenes [15] .
In the oil of S. reuterana Boiss., (E)-β-ocimene (32.3%) was found as one of the major constituents [16] .
α-Pinene (26.0%), 1,8-cineole + limonene (20.0%) and camphor (19.0%) were the main constituents among the 16 characterized, comprising 94.6% of the total components detected in the oil of S. multicaulis Vahl. [17] . Another sample from the aerial parts of the same species collected in the province of Mazandaran, from the suburb of Sari, in the north of Iran has been analyzed. Fifty components were identified and the major constituents were camphor (11.0%), 1,8-cineole (10.7%), borneol (8.6%) and α-pinene (7.5%) [18] .
Analysis of the essential oil of S. eremophila Boiss., which is endemic in Iran, revealed twenty eight compounds, constituting 96.0% of the total oil. Among them, α-pinene (24.3%), bornyl acetate (18.9%), camphene (16.0%) and borneol (14.3%) were the major components [19] . [20] .
The composition of the volatile oils obtained from the aerial parts of S. rhytidea Benth. and S. limbata C.A. Mey., were analyzed by GC and GC/MS. The major components of the oil of S. rhytidea were β-phellandrene (22.7%) and sabinene (13.5%). In the oil of S. limbata, collected from east of Tehran, α-pinene (23.7%), β-pinene (18.7%) and sabinene (14.5%) were found to be the major constituents [21] .
The essential oil of S. mirzayanii Rech. & Esphand. was extracted by hydrodistillation and analyzed using GC and GC/MS. Twenty-nine compounds were identified, representing 84.0% of the total oil. The major constituents were linalool acetate (11.8%), linalool (11.8%), α-terpinyl acetate (11.0%), 1,8-cineole (8.7%) and α-terpineol (6.3%) [22] .
Sesquiterpenes:
The aerial parts of S. glutinosa L. afforded, in addition to lupeol and α-and β-amyrin, a new furanogermacrane, 6β-tigloyloxyglechomafuran, the structure of which was established by high-field NMR spectroscopic techniques [23] . The new compound is a derivative of glechomafuran. The most polar fractions afforded a further sesquiterpene that from its 1 H NMR spectroscopic data clearly showed that we were dealing with an oxidation product, the 1β,10α,4α,5β-diepoxy-8β-hydroxyl-8α-12-olide, which is most likely an artifact [24] . The isolation of the new furanogermacrane from Salvia species is of interest as sesquiterpenes with this type of skeleton had so far been reported only from S. palaefolia [25] .
The compositions of the oils from leaves and flowers of S. aethiopis L. and S. hypoleuca Benth., native to Iran, have been analyzed by a combination of GC and GC/MS. During the flowering period, both oils consisted mainly of sesquiterpenes. The major components of the oil of S. aethiopis were β-caryophyllene (24.6%), α-copaene (15.5%) and germacrene D (13.5%). In the oil of S. hypoleuca, β-caryophyllene (22.0%), δ-elemene (15.5%) and bicyclogermacrene (15.1%) were found to be the major constituents [17] .
The major components of the root oil of S. hypoleuca were, in addition to the non terpenoid hexadecanoic acid (27.4%), the sesquiterpene viridiflorol (18.9%) [26] . The aerial parts of another sample of the same species (S. hypoleuca) collected north of Tehran (Haraz road, Abe-Ali region) yielded an oil containing sesquiterpene hydrocarbons (44.9%) and sesquiterpene alcohols (28.2%) as the main classes of its oil constituents, accounting for 94.6% of the oil. Bicyclogermacrene (15.3%), (E)-β-caryophyllene (14.6%), viridiflorol (13.3%), spatholenol (12.5%) and δ-elemene (7.7%) were the major constituents [27] .
Another oil sample of S. aethiopis collected from the suburb of Sari, Province of Mazandaran, north of Iran, was isolated by hydrodistillation and analyzed by means of GC and GC/MS. Among the 28 components identified in this oil, β-caryophyllene (17.0%), α-copaene (16.3%), germacrane D (13.8%), β-cubebene (9.7%), spathulenol (8.3%), δ-cadinene (7.7%) and α-humulene (6.9%) were found to be the major constituents [28] .
The oils of S. virgata Jacq. and S. nemorosa L. were also rich in β-caryophyllene (46.6% and 41.6%, respectively). The other abundant constituents of both oil were germacrene B (13.9% and 21.3%), caryophyllene oxide (13.2% and 6.8%) and germacrane D (5.7% and 5.6%), respectively [16, 29] . Another sample of S. virgata oil was analyzed by GC and GC/MS. Fifty-eight components were identified in which the major constituents were caryophyllene oxide (34.4%) and spathulenol (25.6%) [30] . β-Caryophyllene (38.4%), followed by germacrane D (11.2%), spathulenol (10.5%) and α-humulene (8.7%) were the main constituents among the 16 characterized, comprising 87.6% of the total, detected in the oil of S. palaestina Benth. In this oil, sesquiterpenes (74.7%) predominated over monoterpenes (12.9%) [21] .
The main components of S. atropatana Bunge. oil were β-caryophyllene (16.3%), sclareol (13.3%), hexyl octanoate (12.2%) and germacrane B (10.0%) [31] , whereas those of S. verticillata L. were β-caryophyllene (24.7%), γ-muurolene (22.8%), limonene (8.9%) and α-humulene (7.8%) [12] .
Twenty-two components were identified in the oil of S. syriaca L., with germacrene B (34.8%), germacrene D (29.2%), α-ylangene (3.6%) and spathulenol (3.4%) as the major constituents [29] . Leaf and flower oils were obtained from S. syriaca collected from Bojnourd, Lorestan Province. The main components of the leaf oil were spathulenol (18.6%), α-cadinene (10.2%) and δ-elemene (7.9%), while spathulenol (21.4%), germacrene B (8.4%), δ-cadinene (5.7%) and δ-elemene (5.3%) were the main constituents of the flower oil [32] . The oil of S. mirzayanii Rech.f. & Esfand. contained spathulenol (10.4%) and δ-cadinene (5.8%) [33] .In the stem oil of S. lereifolia, germacrane D (11.0%) and δ-cadinene (10.5%) were the major constituents, along with other sesquiterpenes [15] . Spathulenol (23.1%) was also reported as a major constituent of the oil of S. hydrangea DC ex Benth. The other main component of this oil was β-caryophyllene (9.9%) [34] . The steam-distilled oil from dried leaves of this species grown in Isfahan Province (Iran) was also analyzed by GC and GC/MS. Thirteen components were characterized, representing 93.8% of the total oil. The major components were 1,8-cineole (28.4%), caryophyllene oxide (16.4%), α-pinene (14.6%) and β-pinene (14.2%) [35] . Another analysis of S. hydrangea reported β-caryophyllene (33.4%) and caryophyllene oxide (25.4%) as the major compounds [36] .
The composition of the essential oils from S. sclareopsis Bornm. ex Hedge, S. brachysiphon Stapf. and S. verbascifolia M. Bieb., obtained by hydrodistillation, were analyzed by GC and GC/MS. The oils of S. sclareopsis and S. verbascifolia were rich in β-caryophyllene (22.5% and 18.5%) and germacrene D (16.5% and 34.1%). The other main component of the first oil was a non-terpenoid, benzyl benzoate (13.7%) and in the latter caryophyllene oxide (10.3%). In the oil of S. brachysiphon, β-caryophyllene (28.1%) was the major constituent [37] .
The main components of the oils of the leaves and flowers of S. reuterana Boiss., collected from Borujerd, were analyzed by GC and GC/MS. β-Caryophyllene (13.1%) and spathulenol (12.4%) were the prominent constituents in the oil of the leaves, and β-caryophyllene (15.0%), isospathulenol (7.7%) and β-elemene (5.9%) of the flower oil [32] . α-Gurjunene (14.1%) and germacrene D (11.2%) were the main identified sesquiterpene compounds in the essential oil obtained from the aerial parts of S. reuterana collected from Fasham-Garmabedar (near Tehran). [16] .
Hydrodistilled volatile oil from the aerial parts of S. macrosiphon Boiss. was analyzed by a combination of GC and GC/MS. Thirty components were identified that constituted more than 90% of the oil. The main constituent was a diterpene, sclareol [38] .
Sclareol showed high activity against Staphylococcus aureus, S. epidermis, Escherichia coli, Proteus vulgaris and Pseudomonas aeruginosa.
Among 29 identified compounds of the essential oil of S. spinosa L., representing about 99.5% of the oil, the major components were (E)-β-ocimene (12.3%), β-caryophyllene (10.2%) and isopentyl isovalerate (9.5%) [39] . The chemical composition of the essential oil of S. xanthocheila Boiss. ex Benth., in DC. was examined by GC and GC/MS. Twentyseven components were characterized of which germacrene D (44.0%), α-copaene (11.9%) and β-caryophyllene (6.7%) [40] were the main components.
Diterpenes
Phytochemical investigation of the chloroform extract of S. leriaefolia Benth. afforded 8(17), 12E, 14-labdatrien-6,19-olide (1), and its structure was determined by 1D and 2D NMR spectroscopic techniques. splendens. The structures of the compounds were established mainly by 1D and 2D NMR spectroscopic studies [42] . The previously isolated [43, 44] clerodanes olearin (6) and splenolide B (7) [45] , salviarin (8) [46] , splenolide A (9) [45] and splendidin (10) [47] were all found in S. splendens.
Two new diterpenoids, sahandinone (11), a naphthoquinone rearranged abietane (12) , and sahandone (13), a tricyclic rearranged abietane with acetal functionality between C-2 and C-11 have been isolated from the roots of S. sahendica. The structures of the compounds were established by using different spectral data [48] . In addition to the known naphthoquinone diterpenoid 12, the (36) have been reported [55] . The structures of the compounds were established by 1D and 2D NMR spectroscopic techniques. The anti-tuberculosis activity of the above mentioned diterpenoids was tested against Mycobacterium tuberculosis strain H37RV and all compounds were found to be significantly active. Six of these compounds were evaluated against a number of additional bacterial cultures. Further investigation of the roots of the same species afforded two diterpenoids, 3-oxo-12-methoxy-14-hydroxyabieta-8,11,13-triene (37) and 6-oxo-12-hydroperoxyabieta-8,11,13-triene (38) , and a noricetexane diterpene, salvimultine (39) . The structure of salvimultine was assigned after extensive NMR spectroscopic studies [56, 57] .
Four abietane-type diterpenoids (40) (41) (42) (43) , including two rearranged 20-norabietanes, were isolated from the roots of the medicinal plant S. hydrangea DC. ex Bentham., which is used as an anthelmintic and antileishmanial remedy. The structures were established using COSY, NOESY, HSQC and HMBC spectral data [58] . The 1 H NMR spectroscopic data of the two lactones were in part very similar. However, the ddd at δ 3.61 was shifted to δ 4.29 in the dilactone, indicating that the second compound was most likely to be the lactone of a hydroxy acid, which corresponded to the ester. The nature of the second lactone ring, present in both compounds, was evident from the downfield signals at δ 4.90 (dd) and 5.89 (dq). The remaining signals in the spectra of both compounds were similar to those of labdanes with a carboxyl group at C-4 [60] . The absolute configuration of the sesterterpenoid salvileucolide methyl ester, which has also been isolated from the aerial parts of S. sahendica Boiss. & Buhse, was established by X-ray diffraction analysis. The compound was shown to belong to the normal series (10R) and the configuration at C-16 was determined to be R [61] . The polar fractions of S. hypoleuca Benth. afforded several further sesterterpenes, the salvileucolide methyl ester derivatives 5, 6a, 6b and 7, as well as the isomeric epoxides 8a-8c, and the hydroperoxide 9, derived from salvileucolide-23,6-lactone, and a sesterterpene with a new carbon skeleton, the ketone 10 [62] .
The structure of 9 followed from the 1 H NMR spectrum, which was in part close to that of salvialeucolide-23,6-lactone. However, one of the olefinic methyl singlets was replaced by a pair of broadened singlets at δ 5.21 and δ 5.06, a broadened singlet at δ 9.47 and a double doublet at δ 4.73. The presence of a hydroperoxide was inferred from the CIMS highest peak at m/z 449 (C 25 H 36 O 7 )+1.
The
1 H NMR spectra of 8a and 8b also were close to that of salvialeucolide-23,6-lactone. Again, the signals of the olefinic double bond were replaced by methyl singlets at δ 1.37 and δ 1.43 and doublets at δ 3.82 and δ 3.79, respectively. Furthermore, new olefinic signals at δ 5.09 and δ 5.14, respectively, were visible. In agreement with the molecular formula, the presence of epimeric epoxides derived from the dehydro derivative of salvileucolide-23,6-lactone was very likely. The 1 H NMR spectrum of 5 clearly indicated that a hydroperoxide similar to 9 was again present. However, the 23,6-lactone ring was replaced by the corresponding hydroxy ester. The 1 H NMR spectra of 6a and 6b nicely agreed with the presence of 13-epimeric hydroperoxides derived from salvileucolide methyl ester. Compound 7 was also derived from salvileucolide methyl ester. However, the butenolide part was changed to a cyclized hydroperoxide [62] . The extract of the aerial parts of S. syriaca L. afforded a polar sesterterpene lactone with four hydroxyl groups. Acetylation gave a triacetate [63] . Several 1 H NMR signals of 11 were also similar to salvileucolide methyl ester. However, a changed substitution pattern was indicated by the absence of the methoxy signal, which was replaced by a broadened two proton singlet at δ 3.69, which was shifted downfield in the corresponding triacetate [δ 4.09 (d) and δ 3.59 (d)]. Accordingly, a hydroxymethylene group at C-4 was very likely. Furthermore, a double doublet at δ 3.58 and a double double doublet at δ 3.91 required two secondary hydroxyl groups. Both signals were shifted downfield in the spectrum of the triacetate (11a). Compound 11 has been named salvisyriacolide [63] .
A sesterterpene, salvimirzacolide (12) was isolated from the aerial parts of S. mirzayanii Rech.f. & Esfand. and its structure established by high field NMR spectroscopy and X-ray diffraction analysis 1038 Natural Product Communications Vol. 2 (10) 2007 Rustaiyan et al. [64] . Comparison of the 1 H NMR spectrum of 12 with the revised data of 1, isolated from S. sahendica [65] , 13 years after its first report from S. hypoleuca [60] indicated a great similarity between these two compounds. Two sesterterpene lactones with a partial structure of manoyl oxide (13) and 13-epi-manoyl oxide (14) , both as epimeric pairs at the anomeric carbon atom C-16 of a γ-methoxybutenolide were isolated from the aerial parts of S. aethiopis [66] . Meyer., two dinorsesterterpenes were isolated: 6-dehydroxy yosgadensenol (15) and 6-dehydroxy-13-epiyosgadensenol (16) [54] . 
Triterpenes
A moderate in vitro antiplasmodial effect of the extract of S. hydrangea flowers was found to be associated with the presence of large amounts of pentacyclic triterpenes, mainly oleanolic acid (1) [58] . A pentacyclic triterpene acid was isolated from the aerial parts of S. virgata Jacq. and its constitution was established as 3β-hydroxy-1-oxo-olean-12-en-28-oic acid, and named virgatic acid (2) [67] . A triterpenoid, salvinemorol (3), was isolated from aerial parts of S. nemorosa L. The structure of the compound was established from spectral data [68] . Salvinemorol was tested for cytotoxicity and showed marginal activity against the A2780 cell line, with an IC 50 value of 8.6 μg/mL [69] . (6), and α-and β-amyrin (7, 8) [23] .
Pharmacological activities
Sage (Salvia species) has been used as an herb with beneficial properties for millennia. The name itself comes from the Latin word for health (salvare or heal). Ancient authors called it elelispboken. This term most likely refers to several species, such as S. fruticosa Mill., S. officinalis L. and S. pomifera L. [70] . A tenth century Salerno School called it Salvia salviatrix, whereas the Spanish call it ierba buena or good herb. Both terms admire feats attributed to sage. A proverb assures us that a man who has sage in his garden needs no doctor. Sage became very popular also in China in the eighteenth century, when the merchants would exchange two crates of best tea for a crate of sage [71] .
The observed antiplasmodial activity of oleanolic acid is apparently due to its incorporation into the erythrocyte membrane, which adversely affects the [58] .
The leaves of S. lanigera, which contain the diterpene isocarnesol, are used as an aromatic tea for a variety of abdominal troubles [51] . Sanigerone, a diterpene isolated from the roots of S. lanigera, revealed antimicrobial activity against S. aureus, P. aeruginosa and C. albicuns [52] .
The anti-tuberculosis activity of the diterpenoids isolated from the roots of S. multicaulis was tested against Mycobacterium tuberculosis strain H37RV and all compounds were found to be significantly active [55] . The observed antiplasmodial activity of oleanolic acid isolated from the flowers of S. hydrangea is apparently due to its incorporation into the erythrocyte membrane, which adversely affects the growth of Plasmodium falciparum parasites. 
